We have studied the decay constants of the pseudoscalar and the vector B and D mesons in the framework of the light-cone quark model. We have applied a variational method to the 
I. INTRODUCTION
From the past few decades, a lot of theoretical and experimental efforts have been made for improving the understanding of the decay constants of heavy mesons [1] . Experimentally, new data on the bottom and charmed mesons decay constants (f B , f D & f Ds ) has been reported [2] . The study of decay constants of heavy mesons with c and b quarks is very important, since it provides a direct source of information on the CabibboKobayashi-Maskawa (CKM) matrix elements which describe the couplings of the third generation of quarks to the lighter quarks. These matrix elements are the fundamental parameters of the Standard Model (SM) and their precise measurement will allow us to test the unitarity of the quark mixing matrix and CP violation in the SM [3] . However, the uncertainty in the measurement of the decay constant makes the accurate extraction of the CKM matrix elements from the experimental data difficult. For example, in the lowest order approximation, the decay widths of the pseudoscalar and vector mesons can be written as [4, 5] Γ(P → ℓν) = G 
Here G F is the Fermi coupling constant, m ℓ is the mass of the lepton, |V qQ | is the CKM matrix element between the constituent quarks (qQ) and m P (V ) and f P (V ) denote the mass and the decay constant of the pseudoscalar (vector) meson, respectively. The decay constants can be regarded as the wave-function overlap of the quarks and antiquarks. The experimental measurements of the lifetimes and branching fractions of the purely leptonic decays allow us to determine the product f P |V qQ | (f V |V qQ |). Thus, a precise theoretical input on f P (V ) can allow a determination of the CKM matrix element.
The theoretical calculations of the decay constants of B and D mesons require nonperturbative treatment since at short distances, the interactions are dominated by strong force. There have been many theoretical groups that are looking on the determination of the decay constants in the realm of non-perturbative QCD using different models, such as QCD sum rules (SR) [4, [6] [7] [8] [9] [10] [11] [12] [13] , lattice QCD (LQCD) [14] [15] [16] , relativistic quark model (RQM) [17] [18] [19] [20] . Here we focus on one such method that is useful for solving nonperturbative problems of hadron physics: the light-cone quark model (LCQM) [21] [22] [23] [24] [25] .
In our work, we will deal with the relativistic Hamiltonian and implement the variational method using the Gaussian-type wave function in different potential models so as to obtain the ground state energy as well as the scale parameter. While performing the variational principle on the mesonic systems, the selection of the potential is very significant. H.-M.
Choi [24] has obtained the decay constants by fixing the model parameters obtained from the linear and harmonic oscillator (HO) potential models within the light-front approach.
The present work is devoted to the analysis of the decay constants by fixing the scale parameter under the Martin potential [26] , Cornell potential [27] , Logarithnic potential [28] and the combination of harmonic and Yukawa potentials [29] within the light-cone framework.
The LCQM offers many insights into the internal structures of the bound states of the mesons and thus has been widely used in the phenomenological study of the meson physics. The LCQM deals with the wave function described on the four-dimensional space-time plane defined by the equation
Unlike the traditional equaltime Hamiltonian formalism, the LCQM includes the important relativistic effects in the hadronic wave functions [30] [31] [32] . Apart from the well-known constituent masses of the quarks, the only parameter in the model is the wave function parameter β which determines the size of the bound state and can be fixed by obtaining a fit to the data. The distinguished features of the light-cone quantization approach compared to the ordinary quantization includes [33] : (1) the dynamical property of the rotation operators and (2) the suppression of vacuum fluctuations. The light-cone quantization has the advantage over the ordinary equal t quantization in converting the dynamical problem from boost to rotation. Since the rotation is compact, the rotation problem is much easier to deal with in comparison with the boost problem. The most phenomenal feature of this formalism is the simplicity of the light-cone vacuum except the zero modes. The trivial vacuum of the free light-front theory is an exact eigenstate of the total light-cone Hamiltonian [34, 35] .
The light-cone wave function can be expressed in terms of hadron momentum independent internal momentum fraction variables making it explicitly Lorentz invariant [36] .
The paper is organized as follows. In Sec. II, we begin with a brief description of the light-cone framework and derive the formulas for the pseudoscalar and vector mesons decay constants in LCQM. In Sec. III, we first calculate the values for the scale parameter β in different potential models using variational method with the help of Gaussian-type trial wave function and then present our numerical results for the pseudoscalar and vector B and D mesons, respectively. We also compare our results with the available experimental data and other theoretical model predictions. Finally, the conclusions are given in Sec.
IV.
II. LIGHT-CONE FRAMEWORK

A. General Formalism
We choose to work in the LCQM in which the bound state of a heavy meson composed of a light quark q and a heavy antiquarkQ with total momentum P and spin S is represented as [37] |M(P, S, S z ) = dp
where p q(Q) and λ q(Q) are the on-mass shell light-front momentum and the light-front helicity of the constituent quark (antiquark) respectively. The four-momentump is defined
and
The light-front momenta p q and pQ in terms of light-cone variables are
where x 1(2) is the light-cone momentum fraction satisfying the relation x 1 + x 2 = 1 and k ⊥ is the relative transverse momentum of the constituent.
The momentum-space light-cone wave function Ψ SSz in Eq. (2) can be expressed as a covariant form [23, 31, 33, 37 ] (6) where φ(x, k ⊥ ) describes the momentum distribution of the constituents in the bound state with x ≡ x 2 and
M 0 defines the invariant mass of the quark system qQ which is generally different from the mass M of the meson because the meson, quark and antiquark cannot be simultaneously on shell. Also, for pseudoscalar meson, Γ = γ 5 , and
The Dirac spinors satisfy the relations
The meson state can be normalized as
in order that
We use the Gaussian-type wave function to describe the radial wave function φ
where β represents the scale parameter and
z is the internal momentum of the meson. The longitudinal component k z is defined by
, and
B. Decay constants of the pseudoscalar and the vector mesons
The pseudoscalar and the vector meson decay constants are defined through the matrix elements of axial and vector currents between the meson state and the vacuum [24] , i.e.
Here P is the meson momentum, M V is the mass of the vector meson, and ε µ is the polarization vector, respectively. These matrix elements can be solved using the formalism described in Sec. II A:
0|A µ |P (P ) = 0|Qγ µ γ 5 q|P (P ) = dp
Ψ 00 × 0|Qγ µ γ 5 q|qQ , and 0|V µ |V (P ) = 0|Qγ µ q|V (P ) = dp
Using the light-cone wave function, the decay constants of the pseudoscalar and vector mesons are given by
where
For a given value of β, f P and f V can be calculated from Eqs. (17) and (18) These quark masses have been fixed using the experimentally known values of the decay constants [23] . In order to understand the dependence of the decay constants on the scale parameter β, we present the decay constants f P and f V as functions of β for B, B s , D and D s mesons in Figs. 1 and 2 , respectively. Even though it is expected that the pseudoscalar and the vector meson decay constants will have similar values because they differ with each other only in their internal spin configurations as is clear from Eqs. (17) and (18), however, to exploit their quantitative difference, we present in Fig. 3 to obtain the precise values of β [38] :
where k = (k ⊥ , k z ) is the three-momentum of the constituent quark. In the variational method, the expectation value of the Hamiltonian is calculated with some trial wave function consisting of a variational parameter whose value is determined by the stationary condition. Here we consider the Gaussian wave function in Eq. (12) as our trial wave function with the variational parameter β. The Fourier transform of φ(k) gives us the coordinate space wave function ψ(r), which is also Gaussian
We can obtain the ground state energy for our system by minimizing the expectation value of the Hamiltonian H, Table I . Logarithmic Potential [28] V (r) = −0.6635 + 0.733 ln r.
Combination of harmonic and Yukawa potentials [29] V (r) = ar With the help of the Gaussian trial wave function in Eq. (13) The calculated values of masses for B meson are in good agreement when compared to the measured values whereas the results for D mesons are on the slightly larger side [2] (m B = 5.28 GeV, m Bs = 5.37 GeV, m D = 1.87 GeV and m Ds = 1.97 GeV ). In the present work we have not included the spin-dependent interaction term in the Hamiltonian (19) considering it as a perturbation term. Including this term however introduces the spincorrections to the wave function and we get reasonable values for the masses. Using the values of β from Table II , we can calculate the decay constants for B and D mesons by using the Eqs. (17) and (18), respectively. The numerical results of the decay constants that we obtained have been listed in Table III .
After obtaining the decay constants, we can obtain the ratios for the vector and the pseudoscalar B and D mesons decay constants. The ratios To compare our predictions for the bottom and charmed mesons decay constants with the available experimental data [2] and the other theoretical calculations, we have presented in Tables V and VI our results. The results from the QCD SR [4, 6, 7] , LQCD [14, 15] , RQM [17] [18] [19] [20] , Bethe-Salpeter (BS) [40, 41] and LFQM [21, 23, 24] have also been presented in the tables. The existing experimental results for the decay constants are available only for f B , f D and f Ds [2] . We note that our predictions for the decay constants of B and D mesons are more or less in agreement with the available experimental data. Also, we note that the theoretical results predicted by various models (including this work) differ from each other in one way or the other. We can see from Table V that our results for the decay constants of B mesons under the Martin [26] , Cornell [27] and logarithmic [28] potentials are in good agreement with the QCD SR results [4, 6, 7] .
Potential Model
Similarly, from Table VI 
